Introduction
Acacia suaveolens Sm. (Willd.) (Mimosaceae) is a small semi-woody shrub that is endemic to eastern temperate Australia, from coastal Queensland and New South Wales to Victoria and Tasmania, including many of the off-shore islands (Morrison 1987) . It is generally restricted to sandy soils within a few kilometres of the coast, and below an altitude of 300 m; however, it does occur inland and at higher altitudes, notably in the McPherson Range, the Blue Mountains, the Budawang Range, the Grampians, and at the South Australia-Victoria border (Morrison 1987) . Within this broad geographical range, the plants show considerable morphological variation. For example, Armitage (1977) recorded populations in the Myall Lakes region with very narrow phyllodes, Auld and Morrison (1992) examined a prostrate form on coastal headlands of the Sydney region, and Morrison (1987) reported a form in the Grampians with a small rootstock. Apart from these documented vhriants, there is further apparent variation in phyllode size and shape, in the number of flowers per inflorescence, and in fruit and seed size. Elliot and Jones (1982) even noted a cultivated form with a cream band on each side of the phyllode midvein.
It is important to know something about the level of inter-population variation within widespread taxonomic species, and especially whether the observed phenotypic differences among populations are genetically fixed or not (Quicke 1993) . For example, the potential for evolutionary change within a species is dependent on the existence of genetic variation (Hamrick and Godt 1989) ; genetically-fixed differences may affect the reliability of specieswide generalisations (Grubb 1985) , and significant genetic within-species variation may be worthy of attention in the conservation of biodiversity (Auld and Morrison 1992) .
Therefore, our study seeks to answer three general questions:
( I ) What is the precise nature of the morphological variation within A, suaveolens?
(2) Are the morphometric variants related to any environmental or geographic factors? (3) Is the morphological variation genetically fixed within the species? Acacia suaveolens is morphologically very similar to A. subcaerulea Lindley, which occurs along the south coast of Western Australia from Albany to Israelite Bay, sharing with it the combination of conspicuous imbricate bracts and distinctive broad fruits. However, A, subcaerulea forms a more spreading shrub that generally has phyllodes that are both shorter (average c. 70 mm) and wider (c. 7 mm) than those of any of the forms of A. suaveolens (see Table I ), the phyllode gland is usually much closer (c. 2 mm) to the pulvinus, there are almost always more flowers per head (c. 13) and more heads per raceme (c. 12), although the raceme axis is usually shorter (2-3.5 cm), and the mature fruits are usually slightly longer (c. 37 mm). This taxon is thus easily distinguished morphologically as well as being geographically isolated from A, suaveolens, and it is thus best treated as a separate species.
Materials and Methods

MORPHOMETRIC ANALYSES
In total, 384 dried herbarium specimens from the National Herbarium of New South Wales (NSW) and the John Ray Herbarium (SYD) were examined under a binocular dissecting microscope. The phyllodes, flowers and fruits were examined without further treatment. These specimens include those collected during extensive field trips, covering the full geographic range of the species; these collections were usually deposited at SYD. Thus, our sample includes at least one specimen from each 0.5" X 0.5" cell of the national grid within the known range of A. suaveolens.
In total, 13 morphological atEibutes of the phyllodes, flowers, fruits and seeds were scored for the 375 most complete specimens, and five ratios were calculated (Table 1) . These attributes include all of those previously noted to vary within the species (Morrison 1987) . Five representative phyllodes were scored from each specimen, and three representative inflorescences, fruits or seeds were scored for those specimens that possessed them, with mean values per specimen being used for analysis. Care was taken to avoid organs that were immature or damaged.
Principal components analysis (PCA) of the range-standardised data (ter Braak 1988), was used to analyse the pattern of variation among the morphological samples. This ordination technique is often inferior to multidimensional scaling for taxonomic data (e.g. Hartman 1988; Crisp and Weston 1993) , but no available computer program will handle this large data set. Four separate analyses were run:
(I) the phyllode data, using all 375 specimens; (2) the phyllode and flow& data for the 159 flowering specimens; (3) the phyllode and fruit data for the 159 fruiting specimens; and (4) the phyllode and seed data for the 79 specimens with seeds. All ratio data were log, transformed prior to analysis (Atchley and Anderson 1978) .
In order to evaluate the spatial pattern of morphological variation, the specimens were assigned to 11 geographical and ecological groups:
(I) Queensland (23 specimens); The a priori recognition of these geographical-ecological groups was straightforward in all cases except for the definition of the Myall Lakes group, as there was considerable morphological variation apparent within this region. To examine this region in more detail, extensive surveys were carried out, covering both the Pleistocene and Holocene sand areas (see Myerscough and Carolin 1986) . A separate PCA ordination was then carried out on the vegetative attributes of the 56 specimens available from this region, to assist in the recognition of any morphological variants occurring in this region. Two mo~-phological variants were thus recogn~sed from this analysis (see Results), with 20 of the specimens being assigned to the Myall Lakes group and the rest to the NSW north coast group.
CULTIVATION EXPERIMENT
Thirty-seven samples, covering the full morphological variation, were collected and cultivated under standard conditions in a glasshouse. Replicate samples were collected from most of the geographical-ecological groupings: Queensland (three samples), NSW north coast (three samples), NSW central coast (three samples), NSW south coast (three samples), eastern Victoria (three samples), Grampians (three samples), South Australia-Victoria border (one sample), Tasmania (three samples), mountain area (three samples), headland area (three samples), and Myall Lakes (five Holocene dune samples and four Pleistocene dune samples).
For each sample plant in the field, a shoot was collected and then pressed and dried for incorporation into the herbarium (usually SYD), and a collection of ripe fruits was harvested. Fruits were stored in paper envelopes in the laboratory.
In the glasshouse, the seeds were scarified by rubbing on sandpaper in order to break the seed-coat dormancy. Two seeds from each sample were placed in each of two replicate pots (15 cm diameter X 15 cm deep) filled with washed river sand. The pots were placed on a central bench in the glasshouse in a randomised block design (two blocks). Eight weeks after germination, the seedlings were thinned, if necessary, to one per pot. The seedlings were watered daily, and were fertilised with Aquasol (Hortico (Aust.) Pty Ltd) once per fortnight. The plants were harvested at 8 months, and then pressed and dr~ed.
The five original phyllode attributes (see Table 1 ) were scored for two groups of three representative phyllodes from the parent specimen and for three representative phyllodes from each of the offspring specimens. Each attribute was analysed by a separate two-factor (morphological form, parent-offspring) analysis of variance (Wilkinson 1987) . Homogeneity of the variances was tested by Bartlett's test (Wilkinson 1987) , and where this was significant at P = 0.05 the data were logc transformed.
Results
MORPHOMETRIC ANALYSES
The ordination analysis of the vegetative (phyllode) data ( Fig. la) does not indicate the existence of any discrete morphological forms within A. suaveolens, as would be expected for within-species variation such as we are dealing with here, but there is nevertheless considerable differentiation among the specimens.
Four of the geographical-ecological groups are morphologically differentiated from the other seven based on the phyllode data ( Fig. lb) : ( I ) the headland form differs from the other forms by having shorter phyllodes (and consequently a larger phyllode width : length ratio and a larger pulvinus : phyllode length ratio) and shorter internodes; (2) the Myall Lakes form differs in having narrower phyllodes (and consequently a smaller phyllode width : length ratio) and a shorter distance of the gland from the pulvinus (and consequently a smaller gland distance : phyllode length ratio); (3) the mountain form differs by having wider phyllodes (and consequently a larger phyllode width : length ratio), a longer pulvinus (and consequently a larger pulvinus : phyllode length ratio) and a longer distance of the gland from the pulvinus (and consequently a larger gland distance : phyllode length ratio); (4) the Grampians form differs in having wider phyllodes (and consequently a larger phyllode width : length ratio) and a longer distance of the gland from the pulvinus (and consequently a larger gland distance : phyllode length ratio). However, these five groups (including the Table 1 ).
(a) (b)
typical form) are not exclusive, as the measurement for any one vegetative characteristic of an individual specimen may overlap with one or more of the other groups (Table 1) . Thus, these groups are muitivariateiy differentiated. and no singie attribute can be used to discriminate among them or to assign a specimen to a particular group. Only a few of the reproductive attributes distinguish any of these five groups. The ordination analysis of the flower data (Fig. 2a) indicates that the Grampians form differs from the others in having more flower heads per raceme (and consequently a longer raceme axis). The ordination analysis of the fruit data (Fig. 2b) indicates that the headland form differs from the others in having shorter fruits (and consequently a larger fruit width : length ratio; note that Table 1 indicates a fairly high mean fruit length for this form, but this is a result of one individual plant producing long fruits). The ordination analysis of the seed data ( Fig. 2c) indicates that the mountain form differs from the others in having longer seeds (and consequently a smaller seed width : length ratio) and thicker seeds; and the headland, mountain and Grampians forms differ from the others in having thicker seeds. Once again, these groups are multivariately differentiated (Table I) , and thus no single attribute can be used to discriminate among them or to assign a specimen to a particular group.
The ordination of the phyllode attributes of the specimens from the Myall Lakes region does not reveal any non-overlapping groups (Fig. 3) , but it is clear that the 20 specimens occurring in the Eucalyptus pilularis-Angophora costata forest on the Holocene sand dunes are morphologically distinguishable from those occurring in the woodlands and heaths on the Pleistocene dunes. The Holocene sand form differs in having narrower phyllodes (and consequently a smaller phyllode width : length ratio) and a shorter distance of the gland from the pulvinus. The four apparent exceptions to this generalisation are specimens from the Pleistocene dunes that have normal width phyllodes but a very short distance of the gland from the pulvinus. The within-group variation in these two forms is largely a product of variation in phyllode length and internode length.
It is also apparent from this analysis that the plants growing on the mined Holocene dunes at Bridge Hill only consist of a small part of the range of morphological variation apparent within the Myall Lakes form (which would have been the form existing there prior to mining), and that some of the plants are morphologically indistinguishable from the form occurring on the Pleistocene dunes.
CULTIVATION EXPERIMENT
L
The glasshouse-grown offspring plants differ significantly from their parents for all of the measured phyllode attributes except for phyllode length (Table 2) , with the phyllode width Table 1 ). Table 1 ).
being on average 41% broader in the offspring than the parents, the pulvinus length 13% shorter, the gland distance 21% longer, and the internode length 25% longer. Thus, four of these attributes are influenced by the environmental conditions in which the plants occur. However, for all five attributes the interaction term is not significant in the analyses of variance ( Table 2 ), indicating that the relationship between parent and offspring does not differ significantly among the five morphological groups. Thus, the multivariate morphological differentiation among the groups is genetically controlled-the offspring maintain the morphological differentiation that is apparent among the parent plants (Fig. 4) . 
Distance of gland from pulvinus
Morphological form Parent-offspring relationship Interaction Residual
Internode length
Phyllode length (rnrn) Phyllode length h r n ) Discussion W e conclude f r o m o u r analyses that there are five phenetically differentiated morphometric groups within Acacia suaveolens, which can be distinguished based on a range of vegetative and reproductive characters (summarised in Table 3 ). The ordination analyses suggest that these are coherent polythetic taxa, but the morphological boundaries between them are somewhat arbitrary, and these taxa are thus not mutually exclusive-i.e. the vast majority of the plants can be assigned unambiguously to one of the five forms, but identifying the occasional plant on purely morphological grounds is more problematic. Therefore, these groups are multivariately differentiated, and no single attribute can be used to discriminate among them or to assign a specimen to a particular group. A simple dichotomous key, for example, would thus not be easy to construct for these taxa, and this form of identification aid would indeed be inappropriate in this case. However, the nontypical taxa are all distinct geographical and ecological variants of the typical form, occurring within a restricted habitat and/or geographical area. The taxa are here treated as subspecies.
The narrow-phyllode form (A. suaveolens subsp. myallensis) on the Holocene sand dune land system in the Myall Lakes region occupies a distinct habitat in a restricted geographical area. It is restricted entirely to the Holocene dunes that transgress the older Pleistocene sand, thus occurring on topography of considerable relief, frequently with steep slopes. The soils are freely-draining poorly-developed podzols, and often have a higher nutrient status than the Pleistocene dunes. The vegetation of this land system is mapped by Myerscough and Carolin (1986) as the distinctive Eucalyptus pilularis-Angophora costata open-forest. This forest type is confined to the lower north and central coast of New South Wales (Myerscough and Carolin 1986) , but the narrow-leaved form of A. suaveolens has not been recorded anywhere except at Myall Lakes. The typical form of A. suaveolens occurs on the surrounding Pleistocene dune land systems, in a variety of woodland and heath vegetation, and the two forms occur within 100 m of each other near the land system boundaries. The A. suaveolens plants growing on the mined Holocene dune of Bridge Hill ridge only consist of a restricted set of genotypes compared with the surrounding area, which was apparently the source of seed for the post-mining revegetation, and some of the plants are clearly of the typical form, which would not have been native to the pre-mined vegetation. Thus, although the A. suaveolens plants are similar in abundance in the mined and unmined areas (Buckney and Morrison 1992) , the full genetic biodiversity has not re-established in the mined area. This may be a common phenomenon among the other species as well, and should be further examined.
The short-phyllode headland form (A. suaveolens subsp. prostrata) occupies a distinct habitat but is geographically widespread. It occurs only in low heath on windswept coastal headlands, but has been recorded from all along the New South Wales coast and along the north-east coastline of Tasmania. Auld and Morrison (1992) noted that this form also has a distinctly prostrate habit, the plants spreading at about 5 cm above the ground and being twice as broad as they are high (unlike the typical form, which is four times as high as broad). We could not quantify habit from the herbarium specimens, but our glasshousegrown plants maintained their prostrate habit (as did those of Auld and Morrison 1992) , thus indicating genecological differentiation of this characteristic as well.
The broad-phyllode mountain form (A. suaveolens subsp. montana) also occupies a distinct habitat but is geographically widespread. It occurs much further inland than the typical form and above about 300 m in altitude, and has been recorded from the Blue Mountains (from Mt Coricudgy to Hill Top) and the Budawang Range. It may also occur in the McPherson Range, but this has not been confirmed. Altitudinal variation in morphology has also been reported in the Sydney region for species in several genera, including Leptospermum polygalifolium and Leptospermum morrisonii (Myrtaceae; Morrison 1984) , and Banksia marginata, Hakea dactyloides and Hakea teretifolia (Proteaceae; D. Keith and R. Bradstock, pers. comm.) , so this characteristic may be quite common.
The broad-phyllode Grampians form (A. suaveolens subsp. grampianensis) is morphologically quite similar to the mountain form, sharing three distinctive attributes with it (Table 3 ) (but differing in three other attributes). It also occupies a similar inland higher altitude habitat. However, it is restricted to a small geographical area: the deeper sands of the west-facing slopes of the Grampians. This form is thus geographically isolated from all of the other forms. Interestingly, the only other geographically-isolated plants, the inland lowaltitude plants at the South Australia-Victoria border, are all of the typical form. Morrison (1987) notes that plants of the Grampians form also have phyllodes with a small axillary angle, and have a small underground rootstock that produces new shoots if the stem is destroyed. We could not quantify these attributes from the herbarium specimens, nor could we confirm them in our glasshouse-grown plants. However, resprouting forms have been reported in a number of other Australian species (e.g. Lee 1984; Pate et al. 1991) The trends in differences between phyllodes among the five morphological forms are maintained in their seedlings, even though the absolute values of the attributes may vary. This indicates that, while the measured attributes are clearly influenced by environmental conditions, the limitations on the size of an attribute under a given set of environmental conditions vary between the morphological forms. Hence, environmental conditions are important but do not over-ride the inherent genetic limitations as expressed in the phenotypic attributes measured. The morphological differentiation among the forms is thus genetically controlled.
Genecological differentiation of morphology has been reported in a number of other geographically-widespread species of Acacia, both in Australia (e.g. Coaldrake 1971; Farrell and Ashton 1978; Lamont and Fox 1981; elsewhere (e.g. Ross 1971; Ross and Morris 1971 ; Hannon and McMillan 1972; McMillan 1973) . It is thus possible that this characteristic may be widespread in this cosmopolitan genus.
The demographic work of Auld and Myerscough (1986) , Auld (1986a Auld ( , 1986b Auld ( , 1986c Auld ( , 1987 and Morrison and Myerscough (1989) was all conducted in the Sydney region, and in all cases it was performed on populations of A. suaveolens ssp. suaveolens. It is not clear how many of the results of these studies can be assumed to apply to the other subspecies, although some of the behaviour discussed (e.g. adult plants being killed by even lowintensity fires) obviously cannot apply to all of the subspecies (since the Grampians form has a rootstock from which it can regenerate new shoots after a fire).
Nomenclature
Acacia suaveolens (Sm.) Willd., Species Plantarum ed. 4, 4: 1050 (1806 (Sm.) Willd. subsp. suaveolens Erect shrub; phyllodes c. 9 (5-15) cm long, c. 5 (2-13) mm wide, gland c. 3.5 (1-6) mm from the pulvinus, internodes c. 14 (7-27) mm long; c. 5 (4-8) flower heads per raceme; fruits c. 3 (2-4) cm long; seeds c. 6 (5-7) mm long, c. 2 (1-3.5) mm thick. 77, 31.v.1983 (SYD) .
Acacia suaveolens
Erect shrub; phyllodes c. 11 (7-14) cm long, c. 2 (1-3) mm wide, gland c. 2.5 (1-4) mm from the pulvinus, internodes c. 12 (6-19) mm long; c. 5 (4-6) flower heads per raceme; fruits c. 3 (2.5-3.5) cm long; seeds c. 6 (4-7) mm long, c. 2 (1.5-2.5) mm thick. Restricted to the Holocene sand dunes in the Myall Lakes region of NSW.
SELECTED SPECIMENS
NEW SOUTH WALES: Seal Rocks, 32"28'S, 152"201E, Fox 7907018,7.vii.1979 (NSW) ; 3 km N along mining rd adjacent to Bridge Hill Ridge, 32'24.5 '5, 152"301E, D. Morrison 62, 27.v.1983 (SYD); 1.1 km N along mining rd adjacent to Bridge Hill Ridge, 32"25'S, 152"29.5'E, D. Morrison 63, 27.v.1983 (SYD); Hawks Nest rd, 8.7 km S of Bungwahl-Seal Rocks rd, 32"28. 5'S, 152"24.5'E, D. Morrison 76, 31.v.1983 (SYD) Prostrate shrub; phyllodes c. 6 (4-10) cm long, c. 5 (3-8) mm wide, gland c. 3 (1-6) mm from the pulvinus, internodes c. 10 (6-13) mm long; c. 5 (5-6) flower heads per raceme; fruits c. 2.5 (1.54) cm long; seeds c. 6 (6-6.5) mm long, c. 2.5 (2-3) mm thick. Restricted to windswept coastal headlands of NSW and north-eastern Tasmania. 
